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Angiokeratoma corporis diffusum (Fabry)
represents the skin manifestation of a systemic
dyslipiclosis (1). In the skin, deposits of phos-
phohpids have been described in the endothelial
cells and musculature of the blood vessels and
in the arreetor pilorum muscles (2, 3). Similar
deposits may occur in the aorta, large blood
vessels, heart muscle and kidney (4). So far
only one electron microscopic study has heen
reported on this disease, that of Hartley (5)
Although he examined largely organs other than
tile skin he briefly mentioned findings in the
skin, describing laminated dense bodies in the
vascular endothelial cells.
The present investigation of the cutaneous
lesions in angiokeratoma corporis diffusum
revea led various forms of lipid-containing bodies,
probably representing lysosomes, predominantly
in hypertrophic endothelial cells and in tile
smooth muscle cells of blood vessels but also in
perithelial cells and in connective tissue macro—
phages. The epidermis was normal except for
lipid deposits io the basal cells.
REPORT OF A CASE
A 41 year old male of Italian extraction exhib-
ited numerous bright-red, slightly raised, soft pap—
ules, 1 to 2 mm in diameter. The greatest number
of lesions was located on the trunk; hilt lesions
were present also on the genitals. The patient has
had epilepsy since the age of 13 and he has been
mentally retarded since the onset of the epilepsy.
Skin lesions were first noticed at the age of 37.
Since childhood the patient has had, during warm
weather, attacks of pain in his extremities asso-
ciated with a peculiar burning sensation. He also
presented strabismus and hyperopic astigmatism of
his right eye.
Laboratory studies revealed normal values for
blood urea nitrogen, uric acid and blood sugar. The
urine showed 1+ albumin. In the sediment of the
urine a few clusters of red blood cells anti many
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birefnngcnt lipid granules having the shape of a
Maltese cross were found. Analysis of the serum for
total lipids, cholesterol, phosphelipids and sphingo-
myelin (done by Dr. Allan C. Crocker of the Chil-
dren's Hospital in Boston) revealed normal values.
MATERIALS AND METHOnS
Two biopsy specimens were taken. The first spec-
iinen was frozen and cut at 7 p. in a cryostat. Sections
were stained with Coleman's Schiff (PAS) reagent
after oxidat ion in 0.5% periodic acid for 15 min-
utes (6). Some sections were stained after diges-
tion with saliva for 10—15 minutes at room tempera-
ture. The acid phosphatase stains of Gomori (7)
and Barka (8) were applied to some scctions. Con-
rols were run with substrate—free media. The rest
of the tissue was sliced at approximately 80—100 p.
with a razor blade and incubated in Gomori's acid
phosphatase medium nsodified to contain only 1/10
of the original amount of lead nitrate. The slices
of tissue were incubated for 15 minutes at 4° C and
hen transferred, without rinsing, to a solution of
1% osmic acid in veronal buffer (pH 7.2) contain-
ing 4.5% sucrose. After fixation for 1 hour, the
slices of tissue were dehydrated and embedded in
Araldite and thin sections were cut with an LKB
Ultroteme at 400—600 A. The sections were stained
with 1% uranyl acetate in distilled water. Sections
tlnis prepared were studied with an RCA EMU-3G
electron microscope. In addition, sections were cut
at 1 p. and stained with 1% Sudan black B in ab-
solutealcolol.
The second biopsy specimen was immediately
sliced into small pieces and fixed in 1% osmic acid
in veronal buffer (pH 7.2) containing 4.5% sucrose.
After fixation for one hour the tissue was dehy-
drated by placing it in graded alcohols and propy-
lene oxide. It was then embedded in Aralditc. Thin
sections were cut with an LKB Ultrotome at 400—
600 A. They were stained first with Reynolds' lead
citrate and then either with 1% phesphotungistic
acid in 50% alcohol or with 1% uranyl acetate in
distilled water. Sections thus prepared were studied
with an RCA EMU-3G electron microscope.
RESULTS
I. Histochemical Findings
Sudan black B stained many granules in the
endothclial cells. Some of the endothelial cells
were strikingly large and projected into dilated
lumens while others were flat and atrophic.
The cytoplasm of many of the perithelial cells
and some of the macrophages in the connective
119
120 JOURNAL OF INVESTIGATIVE DERMATOLOGY
tissue also contained Sudan black B positive
granules. PAS-positive granules, some of which
were only faintly PAS-positive alter digestion
with saliva, were found in the endothelial cells,
perivascular cells and macrophages (Fig. 1).
Acid phosphatase stains according to Gornori
and Barka were positive in those granules which
showed a positive reaction with Sudan black
B and PAS stains. Substrate-free media did not
result in stains in any of these cells.
II. Electron Microscopic Findings
Epidermis. Many basal cells and even some
squamous cells contained round, dense lipid
globules in the cytoplasm, which showed no rela-
tionship to any organelle. The globules were
homogeneous and had no internal structure and
no enveloping membrane (Fig. 2). Keratiniza-
tion occurred through normal keratohyaline
granules. The basal cells showed active pino-
cytosis.
Lysosomes. The most striking changes were
observed in the endothelial cells, smooth muscle
cells and perithelial cells in blood vessels of all
sizes. These cells contained dense bodies varying
in size and shape (Figs. 2—7). The cytoplasm
of some of the endothelial cells contained
numerous fibrils (Figs. 3, 4). Macrophages in
the dermis contained the same type of dense
bodies (Fig. 2). The most likely interpretation
of the nature of the dense bodies is that they
represent lysosomes in different stages of matu-
ration (Chart 1). In the earliest phase of forma-
tion many fibrils present in the cytoplasm (Figs.
3, 4) appeared to unite into bundles (Fig. 5)
often near small vesicles (Figs. 3, 4). Sub-
sequently, a lipid substance seemed to deposit
itself on the fibrils and a membrane formed
surrounding the body which tints was composed
of an aggregate of vesicles, fibrils and lipids
(Figs. 3, 6). The surrounding membrane often
was found to be continuous with the adjacent
smooth-surfaced endoplasmic reticulum (Fig.
3), suggesting development of the membrane
from the endoplasmic reticulum. In some bodies
the deposit of lipids was so heavy that the
fibrils were masked (Fig. 3). Large bodies
usually formed by confluence of several small
bodies or by maturation of one small body (Figs.
3, 4). In such bodies the cut surfaces of the
FIG. 1. PItS stain of dilated vascular lumens in a dermal papilla. Immediately beneath the epidermis
(E) large endothelial cells with PAS-positive, aggregated granules (arrow) project into vascular lumens.
Some of the cells in the septa between the vascular lumens and in the connective tissue also show PAS-
positive staining. (X 535)
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FIG. 2. Basal cells and dermal fibrocyte. One basal cell contains a round, hornogenous lipid globule
(1) without surrounding membrane. The fibrocyte contains several lysosomes (L). BN: nucleus of basal
cell. d: desmosornes and half-desrnosomes. FN: nucleus of fibrocyte. (X 14,800)
fibrils extended in different directions indicating
that the large bodies were composed of several
small bodies (Fig. 4). Some large bodies showed
regularly arranged, thick, wire-like laminated
structures (Figs. 6, 7). Old, dying endothelial
cells occasionally contained loosely laminated
spiral bodies similar to rnyelin figures in
schwannian cells. The same type of myelin
figures had been seen also in phagocytes con-
tained in lesions of Kaposi's sarcoma (9). All
cells containing lysosomes showed active pino-
cytosis (Figs. 3—6).
Histochernical Electron Microscopy of Acid
Phosphatase. In the cytoplasm of all cells
containing lysosomes deposits of small electron-
dense particles were seen indicating the site of
acid phosphatase activity. The particles were
located within small edematous vacuoles near
lysosomes that were in the stage of development
into large "digestive vacuoles" (Fig. 7). The
"digestive vacuoles" also contained some par-
ticles. In spite of generalized cellular damage,
which had resulted from the incubation of the
tissue in acid phosphatase media prior to the
osmic acid fixation, these bodies were very well
preserved (Fig. 7).
DISCUSSION
It is quite apparent that the bodies found
predominantly in the endothelial and perithelial
cells but also in the dermal phagocytes are
lysosomes because they showed (1) a compatible
morphology, (2) a positive reaction for acid
phosphatase by light and electron microscopic
*
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FIG. 3. Digestive vacuoles. A "digestive vacuole" (P1), composed of vesicles (v) and several dense
lipid bodies (L), i situated within the fibrillar (f) cytoplasm of an endothelial cell. Similarity of the
veicles of the multivesicular bodies (my) to some of the vesicles (v) in the "digestive vacuole" is
apparent. M: mitochondria. N: nucleus. P2 : "digestive vacuole" in an earlier stage of development.
Pi: pinocytotic vesicles. SER: smooth-surfaced endoplasmic reticulum. m: enveloping membrane con-
tinuous with SER. (X 44,240)
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FIG. 4. Digestive vacvoles and phagosome. Two endothelial cells (E) surrounding a capillary and one
perivascular cell (PV) contain several large "digestive vacuoles" (P1 , P2 , P3). In P3 fibrillar structures
are still visible in spite of the deposit of lipid and a few vesicles have begun to accumulate. P4 in-
dicates an earlier stage of development than seen in Pi , P2 and P . Pi and P2 represent lysosomes in
the stage of "digestive vacuole," while P4 represents the "phagosome" stage. Note the markedly fibrous
cytoplasm of the endothelial cells. EN: nucleus of endothelial cell. f: cross-sectioned fibrils. M: mito-
chondria. my: multivesicular body. L: heavy lipid deposits. Pi: pinocytotic vesicles. RBC: red blood
cell. (X 15,800)
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CHART I. Schematic outline of the formation, maturation and evacuation of lysosomal bodies. Pi: pino-
cytotic vesicles. my: multivesicular bodies. RER: rough-surfaced endoplasmic reticulum. ST.GR.:
storage granules. Dig. Vac.: digestive vacuoles. Ies. Bud.: residual bodies.
technics, (3) a positive reaction for hospho-
lipids by Sudan black B stain and (4) a positive
stain with PAS (9, 10, 11). The formation of
some of the large lysosomes may be explained by
assuming that some of the lysosomal enzymes,
essential for the normal digestion of phospho-
lipoprotein, are lacking in the lysosomes of this
disease as the result of a genetic abnormality.
This enzymatic deficiency probably is of etio-
logic significance in angiokeratoma corporis dif-
fusum.
In an electron microscopic study of the brain
of two patients with Tay-Sachs' disease, Terry
et al. (12) found similar bodies. They reported
the presence of membranous cytoplasmic bodies
and small dense lipid bodies in neurons, endo-
thelial cells, macrophages and perithelial cells.
In appearance and mode of development, these
bodies, according to their electron micrographs
and description, are very similar to those re-
ported in our investigation. The lipid bodies
which they have described seem to start from
"close-packed granules and minute, single-con-
toured vesicles" which form poorly demarcated,
unbounded aggregates with a few lamellae at
the periphery. The fact that the bodies described
in Tay-Sachs' disease were sudanophilic and
PAS-positive indicates that they are similar to
the bodies described by us in angiokeratoma
corporis diffusum. Since the concept of lysosomes
is a very recent development (11), it seems that
Terry and his coworkers were not aware of the
morphological and histochemical resemblance of
their bodies to lysosomes. They also noticed that
these laminated cytoplasmic bodies were always
well preserved against autolytic enzymes in all
specimens obtained by autopsy. Similarly, our
specimens which were incubated in acid phos-
phatase media, even though they showed some
autolytic changes in other intracellular struc-
tures, showed none in the lysosomes. This fact
supports our view that some lysosomal lytic
enzymes may be deficient in certain cells in
these two diseases. This would be analogous to
the inadequate functioning of glucose-6-phos-
phatase in von Gierke's disease (13).
In Chart I lysosomes have been represented
in subsequent stages of development. These
stages are distinctive and definable and have
been named (11). Pinocytotic vesicles either
fuse with one another forming "multivesicular
bodies" or, as shown in Fig. 7, they fuse with
acid phosphatase reactive storage granules
derived from the rough-surfaced endoplasmic
reticulum to form "phagosomes". The "phago-
somes" gradually develop fibrils upon which lipid
is deposited. The fibrils within the "phagosomes"
may represent an indigestible fraction of a
phospholipoprotein complex. This stage, cor-
responding to the "digestive vacuole" (Figs.
my
Dig.
Vac.
Phagosome
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FIG. 5. Early stage and end stage of the development of lysosomes. A dying endothelial cell (END) of
a medium sized vessel and two perithelial cells (PV) are shown. The endothelial cell is flattened and
vacuolated but still contains "rnyelin-figured" bodies (My) in a markedly fibrous cytoplasm. The
perithelial cell in the left lower corner contains several lysosomes (Li — L4) in various stages of de-
velopment. L1 shows only a bundled fibrillar structure. Deposits of lipids begin to appear in L2 ,leading
to a laminated structure. The laminated structure is partially masked in L3 and L4 by heavy lipid de-
posits. C: collagen. Pi: pinocytotic vesicles. VL: vascular lumen. (X 15,800)
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FIG. 6. Large residual body. This "residual body" was found in an endothelial cell lining a fairly
large dermal vessel. Regularly arranged thick, wire-like structures are evident. Lipid is deposited on
some of them. Vesicles in varying sizes are scattered between the wire-like structures. The entire body
is enclosed by a thin membrane. Several young lysosomes (L), in the "phagosome" stage, are seen
containing small deposits of lipid and small vesicles. The cytoplasm of this cell is markedly fibrous.
ER: endoplasmic reticulum. M: mitochondria. Pi: pinocytotic vesicles. VL: vascular lumen.(X 17,920)
3—4), was the most frequently encountered
form of lysosomes in our case. Pinocytotic
vesicles and acid phosphatase activity are still
present in well-developed "digestive vacuoles"
(Fig. 7), supporting the view that each different
type of body represents a different stage of the
maturation of lysosornes. Lacking the necessary
enzymes the "digestive vacuoles" become
engorged with indigestible material. The end
stage of the lysosome is the "residual body" (Fig.
6) or "myelin figure" (Fig. 5), representing a
condensation of the undigestible fibrillar phos-
pholipoprotein complex. The "residual body"
finally disintegrates and is evacuated.
Another explanation for the mechanism of
engorgement of the lysosomes would be increased
pinocytotic activity. Although active phagocytes
can synthesize phospholipids in amounts many
times greater than resting phagocytes (14), the
phagocytic activity of endothelial cells, perithe-
hal cells and macrophages in the lesions of
angiokeratoma, as measured by the number of
pinocytotic vesicles, did not appear to be
beyond the normal range of fluctuation.
A diaminophosphatide similar in composition
to sphingomyelin but different in solubility, has
been extracted from the cardiac muscle and the
kidney of patients who have died of angiokera-
toma corporis diffusum (4). Sweeley and
Klionsky (15) obtained two novel glycolipids;
one of which contained glucose attached to
sphingosine, while the other, present in lesser
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FIG. 7. Acid phosphatase stain of an endothelial cell. Three large vacuoles (V) are present in the cyto-
plasm. Each vacuole contains several aggregates of lead phosphate particles. The vacuoles have a unit
membrane and probably represent either "storage granules" or "phagosomes" which have become
edematous through damage incurred during the initial incubation for enzymatic staining. In one area,
still within the "digestive vacuole" P2 , there is a heavy deposit of lead phosphate particles (arrow).
The lysosornal bodies P1 and P3 simulate the "residual body" shown in Fig. 6. The lysosorne Pz consists
of small vesicles and dense lipid bodies. YL: vascular lumen. (X 43,680)
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quantities, contained galactose attached to
sphingosine. The PAS-positive substance, par-
tially digestible with saliva found in the
lysosomes of our cases as well as in the
lysosomes of various types of cells (9, 10) may
represent these glycolipids. A glycolipid of this
type was found as a minor constituent in brain
tissue from a patient with Tay-Sachs' disease
(16).
SUMMARY
1. In a case of angiokeratoma corporis diffusum,
examination of cutaneous lesions by electron
microscope revealed dense bodies with a
distinct structure in endothelial cells, smooth
muscle cells, perivascular cells and fibrocytes.
2. That these bodies were lysosomes was sug-
gested by their morphology and by their posi-
tive staining with acid phosphatase stains,
with Sudan black B and with the PAS reac-
tion. It was observed that they developed by
the merging of pinocytotic vesicles and
storage granules, formed "phagosomes," ac-
cumulated indigestible lipid-protein com-
plexes to become "digestive vacuoles" and
finally, formed myelin figures in the "residual
body".
3. Acid phosphatase stains adapted to electron
microscopy revealed a positive enzyme reac-
tion in cytoplasmic vacuoles, probably storage
granules or "phagosomes", and in the large
bodies representing "digestive vacuoles".
4. It appears possible that the enormously
engorged lysosomes are formed on the basis of
a genetic deficiency of lysosomal enzymes
essential for the digestion of phospholipopro-
teins.
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